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In this paper, spintronic properties of a mono-layer GaTe under biaxial and uniaxial strain is
investigated. Here, spin properties of two structures of GaTe, one with mirror symmetry and the
other with inversion symmetry, is studied. We have also calculated the band structure of GaTe with
and without spin-orbit coupling to find out the importance of spinorbit interaction (SOI) on its
band structure. We find band gap can be modified by applying spin-orbit coupling in the presence
of strain. We explore Mexican-hat dispersion for different structures and different strain. We find
Mexican-hat can be tuned by strain however some cases shows any Mexican-hat. We calculate spin-
splitting in conduction and valence band in the presence of strain where the structure with inversion
symmetry doesn’t show any splitting. We find in some cases, GaTe indicates Rashba dispersion that
can be adjusted by strain. The amount of Rashba parameters may be in the order of other reported
two-dimensional materials.
1. INTRODUCTION
Two-dimensional materials have attracted a great at-
tention in the past decade due to their fascinating phys-
ical and chemical properties. These excellent properties
can result in device applications. 2D layered materials
such as Graphene and transition metal di-chalcogenides
and others two-dimensional material, can be separated
simply by mechanical or liquid-phase exfoliation from
their bulk layered solids, which a mono-layer can be ex-
foliated by the weak interlayer van der Waals (vdW)
forces. These mono-layer materials studied extensively
for wide range of applications in Field-effect transistors,
spintronic devices.1–5. Nevertheless, the lack of an in-
trinsic band gap or high band gap has encountered with
problem for application in electronic and optoelectronic
devices6–9.
In which case, the search for new 2D materials that
may introduce new properties for specific applications is
of technological requirements. Bulk MX(M=Ga,In and
X=S, Se,Te) consist of several mono-layers per unit cell
weakly bonded by van der Waals forces and form different
crystal phases (e.g., α and β-type) depending on the layer
stacking sequence.
These class of two-dimensional materials has been ex-
tensively studied for potential applications in photo-
detectors, gas sensors and optoelectronic devices10–12. In
these material class, GaTe has a special place among
the members of the III-VI family, since Ga and Te are
massive atoms in which spin orbit coupling is stronger
than the others. In order to become suitable for differ-
ent applications, the corrections of its intrinsic proper-
ties is required. For example, a broad range of chem-
ical methods13 and doping methods14 have been stud-
ied to tune the band gap of GaTe. Gallium telluride
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(GaTe), can be an ideal candidate for using strain engi-
neering as an effective method to change their electronic
and spin properties. It has been proved that the band
gap of GaTe can be controlled by applying strain both
experimentally15 and theoretically16.
Mexican hat dispersion in this class have been studied
and It has been studied that a Mexican-hat-shaped dis-
persion observed at the valence band maximum (VBM)
in monolayer of GaTe. This dispersion in the band struc-
ture lead to van Hove singularity in the density of states
(DOS). Mexican hat dispersion provides 1D-like elec-
tronic density of states of the valence band near the band
edge17. The effects of this singularity on the magnetic
and electronic properties has been studied17–22. How-
ever, this sharp van Hove singularity near the Fermi level
could induce a spin splitting in the band structure and
suitable magnetism19,21. One can observe Lifshitz phase
transition due to this sharp van Hove singularity23.The
high density of states at the valence band edge, in prin-
ciple, is beneficial to high thermoelectric power factor in
this material24.
Spin-orbit-induced spin splitting and spin-orbit inter-
action (SOI) is believed be responsible of Spin relaxation
mechanisms in 2D materials. Dat T. Do et.al.25 stud-
ied spin-splitting in 2D mono chalcogenides. They con-
sidered GaTe in monoclinic structure and reported zero
spin splitting because it has inversion symmetry at mono-
layer.
Here, we study two different phases of GaTe and ob-
serve spin splitting in one phase and other phase ex-
hibits any spin-splitting due to the inversion symme-
try. Spin-splitting can be tuned by tensile and compres-
sive strain. Rashba effect also observed in compressive
regime. Rashba spin-orbit interaction originates from the
lack of inversion symmetry26.
The Rashba effect has been studied intensively in
the spintronics since it can be used to tune the spin
direction by means of an electric field and applica-
ble in spin-field effect transistor27. Experimentally,
2Rashba effect has been reported experimentally in
quantum wells , surfaces of heavy metals, and BiTeI
and theoretical for two-dimensional materials, for in-
stance graphene, polar transition-metal dichalcogenide
monolayers28, the MoS2 /Bi(111) heterostructure,
GaX(mono-chalcogenides)/TMDC heterostructures29,
and gated multilayer InSe30. Spin properties is the focus
of the present study31–42.
In spintronics and optoelectronics have stimulated the
research for materials capable of presenting a great de-
gree of spin polarization and long spin relaxation time43.
If symmetry is broken by strain, quantum phase tran-
sitions such as semiconductor-semimetal transition are
possible44.
In this work we discuss the magnetic and electronic
properties of monolayer crystals of GaTe. We present the
electronic band structures and spin-splitting for mono-
layer Gallium telluride applying by biaxial and uniaxial
in-plane strain.
2. COMPUTATIONAL DETAILS
The analysis of monolayer GaTe was carried out us-
ing density-functional theory (DFT) as implemented in
the Quantum Espresso45,46 plane-wave-basis codes us-
ing projector augmented wave (PAW)47,48. To calcu-
late the geometries and band-structures, we used semilo-
cal exchange-correlation functional functional with high-
throughput ultrasoft pseudopotential: PBEsol49. The
plane-wave cutoff energy was 612 eV. During calculation,
a 10× 10× 1 Monkhorst-Pack k-point grid was used for
electrical properties but a denser k-mesh should be used
for Rashba calculations, here we used a 16 × 16 × 1 k-
point mesh. We were first performed full geometry opti-
mization until the forces on the atoms are less than 0.01
eV/A˚.
We explore two phases α and β of GaTe monolayer
which these two phases was shown in the Fig. 1. α
phase with D3h group symmetry forms a 2D honeycomb
structure, which vertically placed Ga and Te pairs at
two different sub-lattices. The structure of β with D3d
phase can be observed in of Fig. 1(b), that one of the Te
layer shifted with respect to the other. This phase breaks
the mirror symmetry of the original structure but forms
inversion symmetry.
Biaxial and uniaxial strain is applied for each phases
and geometry is completely relaxed for two phases. Total
energy and lattice constant for two phases is the same.
Band structure with and without spin-orbit coupling is
studied electronic and spintronic properties is investi-
gated.
3. RESULTS AND DISCUSSION
The calculated electronic band structures for two
phases are plotted in the Fig. 1. Two phases are indirect-
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FIG. 1: Schematic of mono-layer GaTe for α (a) and β phases
(b) structures. Band structure of gallium telluride in phase
α (a) and β (b) without(blue lines) and with (red dash-lines)
spin-orbit coupling.
gap semiconductors, primarily due to the valence-band
maximum (VBM) move from the Γ point and the
conduction-band minimum (CBM) located at the M
point. The band-gap in the phase α is Eg = 1.57eV .
The indirect band gap in phase α is in agreement with
the DFT results50–54 for monolayer GaTe. Although,
we calculated the electronic properties of GaTe with the
spin-orbit coupling (SOC) which Fig. 1 indicates SOC
changes the band structure and then in this regime, band-
gap declines to Eg = 1.256eV . SOC consideration causes
to band-gap deceases by about 0.3eV . Spin-orbit inter-
action also moves the valence-band maximum to Γ point
and removes Mexican-hat dispersion.
β phase of GaTe is the other structure, that can be dis-
tinguished by comparing optically active [infrared (IR)
and Raman] phonon spectra. We find that the band-
gap in this phase, similar to α phase, is indirect and is
Eg = 1.39eV which band-gap decreases to Eg = 1.228eV
by applying SOC. Band-gap decreases approximately
0.16eV which is lower than α phase. Therefore, the ef-
fects of SOC consideration in β phase is weaker than α
phase. This can be implied two spin components are de-
generated due to inversion symmetry.
The band-gap value of GaTe can be further tuned by
the external factors, such as the bias voltage or strains.
The strain modulates band-gap of GaTe monolayer as are
shown in the Fig. 2. The homogeneous in-plane strains
are applied to the monolayer by varying the lattices con-
stant as (l − l0)/l0, where l(l0) is the lattice constant
under the strain (equilibrium) condition.
The variation range of strain is −10%-10% from equi-
librium condition. In the compressive strain regime, we
find that although the horizontal distance of Ga-Te is
shortened, the buckling heights in the vertical direction
are increased for the GaTe monolayer. The charge redis-
tribution is weaken duration the compressive strain and
the band-gap is decreased. In this strain range, although
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FIG. 2: (a) The band gap and (b) the Mexican-hat of GaTe
in phase α and phase β with applying biaxial strain respect
the strain.
CBM is in the M point, a strain-induced self-doping oc-
curs due to the movement of bands at the Γ point. In
the tensile strain regime, though the horizontal distance
of Ga-Te is increased and the buckling heights in the
vertical direction is increased for the GaTe monolayer.
The charge redistribution is strength duration the ten-
sile strain and the band-gap decreases. Band-gap for
two phases approximately is the same in tensile regime
and differences between these two band-gaps increases by
moving from tensile to compressive regime. α phase rel-
ative to β phase has a higher band-gap in compressive
regime. Therefore, the effect of strain in α phase is lower
than β phase.
SOC in α phase is similar to β phase, for example,
in the −10% strain, the differences between band-gap
with and without SOC in α and β phases is 0.353 and
0.3417, respectively. Another result of Fig. 2 is due to
the strain, GaTe in phase β could be phase transition
from semiconductor to semi-metal in strain −10 whereas
α phase remains semiconductor in this strain.
The valence band maximum shifted to Γ point by
the compressive strain and dismiss Mexican-hat dis-
persion. At the other hand, the tensile strain regime
shows the Mexican-hat-shaped dispersion19 in the band
structure and increases the density of state in valance
bands (Fig. 2). We obtained Mexican-hat coefficient
with SOC for both phases in up and down components
spin whereas in β phase these two components are de-
generated. Mexican-hat coefficient can be defined as:
M = ∆EM/kM where ∆EM and kM are energy and mo-
mentum differences between VBM and Γ-point, respec-
tively, see the inset of Fig. 2(b). In α phase, Mexican-
hat has higher value than the β phase. SOI decreases
Mexican-hat coefficient for two phases. For example, in
5% strain, SOC decreases 42% Mexican-hat coefficient
which this decreasing ratio approximately hold for other
percentage of strain in tensile regime. As can be seen
from the Fig. 2, up-spin component of α phase shows
higher Mexican-hat relative to down component and their
difference increases with increment of strain.
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FIG. 3: The band gap and the Mexican-hat of GaTe in phase
α and β with applying Armchair (a,b)and Zigzag (c,d) uni-
axial strains.
We study the band gap and Mexican-hat dispersion
with applying uniaxial strain in two Armchair and Zigzag
directions that is shown in the Fig. 3. Our finding in-
dicates that the gap with- and without-SOC changes re-
spect to the strain and shows the same behavior in both
directions. Band gap decreases with increasing strain in
compression regime. In the tensile strain regime, band
gap decreases by increasing strain. For both directions
and both structures (α and β), SOC declines band gap
relative to without SOC.
The Mexican-hat coefficient increases with increasing
strain in both Armchair and Zigzag strains. In the α
structure, Mexican-hat is higher than the β structure.
SOC declines Mexican-hat for both strain directions in
two structures. For example, in β structure, SOC ap-
proximately decreases Mexican-hat by 4 times, Whereas,
SOC decreases this coefficient lower than 2 times for bi-
axial strain. Mexican-hat coefficient is calculated for two
spins (up and down). For β structure these two coef-
ficients is the same because of spin degeneracy in this
structure due to inversion symmetry. α structure with
no inversion symmetry, shows two Mexican-hats for both
separated spins. By applying Armchair strain, VBM is
located at Γ − M direction and there isn’t any spin-
splitting due to spin degeneracy in this direction. At the
other hand, MVB is placed in Γ − K direction and one
can obtain two Mexican-hat coefficients for both spins.
Fig. 4 shows the calculations of the spin-splitting of
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FIG. 4: Spin Splitting of (a)the conduction and (c)the valance
bands in the first Brillouin zone. Spin-splitting at (b) CBM
and (d) VBM as a function of strain in phase α with applying
Biaxial, Armchair and Zigzag uniaxial strains.
the uppermost valence band (∆S,V ) and the lowermost
conduction band (∆S,C) in monolayer GaTe for phase α
at biaxial, Armchair and Zigzag uniaxial strains. GaTe
in phase β doesn’t induce spin-splitting due to the in-
version symmetry. Spin-splitting in conduction and va-
lence bands at Brillouin zone is reported in the Fig 4 (a)
and (c), respectively. In the conduction band, between
M point to M’ point (area 1) spin-splitting is positive
whereas between M’ to M point (area 2) is negative. This
indicates the up-spin energy is higher than the down-spin
energy at area 1, and vice versa at area 2. Spin-splitting,
for the valence band, at area 1 is negative and at area 2
is positive. ∆S,C decreases by increasing biaxial strain.
For strain higher than 2%, CBM is located at Γ point
and there isn’t any spin-splitting. However, for lower
than 2%, CBM is placed at M point. In compressive
regime, as Ga-Te atom distances decreases, increasing of
potential gradient causes to SOC increasing (λs ∝ ∇V ).
VBM is located at Γ point for compressive strain then
∆S,V vanished. Whereas, VBM is located at Γ point for
all strains in Armchair direction, therefore spin-splitting
goes to zero. Due to VBMmove to Γ∗ and take a distance
from Γ point. k0 vector can be defined as distance be-
tween Γ and Γ∗. k0 increases by tensile strain increasing
and ∆S,V increases as k0 increasing.
Rashba effect can play an important role in future spin-
tronic. The Rashba effect happens due to the structural
asymmetry causes an out-of-plane electric field whereas,
GaTe with mirror symmetry shouldn’t show any Rashba
effect but it constructed from two sub-layers that each
sub-layer has an out-of-plane asymmetry. An electric
field is originated from this asymmetry, see Fig. 5. For a
two-dimensional electron gas the Rashba Hamiltonian is
FIG. 5: (a) Band structure in the direction that The Rashba
effect can happen. (b) The unit cell of GaTe with effective
electric field. Rashba parameter (c), Rashba energy (d) and
Rashba momentum of the conduction band in the phase α
with applying Biaxial, Armchair and Zigzag uniaxial strains.
defined by:
HR = αRσˆ.(kˆ × Eˆz) (1)
Where αR is the Rashba parameter, σˆ is the Pauli ma-
trices, kˆ is the in-plane momentum of the electrons, and
Eˆz is the out-of-plane unit vector
26. αR can be defined
as αR = 2ER/KR where ER is Rashba energy and kR is
momentum offset, see Fig.5(a). However, ER and kR sta-
bilize spin precession and make a phase offset for different
spin channels in the spin-field effect transistor device55.
Rashba-split dispersion for α phase is reported in Fig. 5.
This figure shows αR increases with increasing the strain
in biaxial strain that is in agreement with Ref.[56]. By
increasing strain, distance between Ga sublayers and Te
sublayers decreases which causes to enhance out-of-plane
electric field. Rashba parameter increases in the Arm-
chair strain in compressive regime and reaches to a con-
stant amount in tensile regime. In compressive regime
Armchair strain declines these two sub-layers. Whereas,
Zigzag strain is in the opposite of Armchair strain.
One can observe the results of the parameters ER,
kR, and αR in Table. I, and compare with some ma-
terials for previously reported references. We find the
5TABLE I: Parameters of the Rashba splitting for different
materials: the momentum offset KR[A˚
−1], Rashba energy
ER[meV ] and Rashba parameter αR[eV A˚].
ER KR αR
2D-ML
GaTe (0% ) 14.9 0.0288 1.03
GaTe (10%) 15.5 0.029 1.07
LaOBiS2
37 38 0.025 3.04
BiSb59 13 0.0113 2.3
BiTeI56 39.8 0.043 1.86
I-doped PtSe2
55 12.5 0.015 1.7
Br-doped PtSe2
55 4.91 9.15 × 10−3 1.07
WSeTe58 52 0.17 0.92
WSSe57 3.6 0.010 0.72
MoSSe57 1.4 0.005 0.53
GaSe/MoSe2 heterostructure
29 31 0.13 0.49
Surface
Bi/Ag (111)40 200 0.13 3.05
Bi (111)41 14 0.05 0.55
Interface
InGaAs/InAlAs31 < 1 0.028 0.07
amount of αR is 1.03 for equilibrium condition and
1.07 for 10% strain. However, αR is the largest cal-
culated value under biaxial strain, but in this strain,
CBM is located at Γ point. For the comparison with
the other papers, Rashba parameters is obtained 1.03 for
no strain which in this strain CBM is placed at M point.
Our αR is larger than GaSe/MoSe2 heterostructure
29,
Janus Transition Metal Dichalcogenides57,58, compara-
ble with Br-doped PtSe2
55 and lower than LaOBiS2
37,
BiSb59,BiTeI56, I-doped PtSe2
55. ER indicates poten-
tial barrier between two spin. ER in the strained
GaTe is lower than Bi/Ag(111) interface, LaOBiS2 and
BiTeI. However, monolayer WSeTe and GaSe/MoS2 het-
erostructure show higher ER but strained GaTe shows
higher and comparable ER relative some reported previ-
ously. For instance, GaTe shows higher amount relative
to I- and B-doped PtSe2, WSSe and MoSSe. These re-
sults approves GaTe can be a good candidate for future
spintronic.
In conclusion, using first-principles density functional
calculations, we have investigated systematically the
spintronic properties in two-dimensional GaTe. Two
structures, α with mirror symmetry and β with inversion
symmetry is considered. This study suggests band gap
can be tuned under biaxial, AC-uniaxial and ZZ-uniaxial
strains with and without spin-orbit coupling. SOI causes
to band gap shows lower amount. In the tensile and
compressive strain, the band gaps of GaTe decreased by
increasing strain amount. Although, the band gap more
decreases by consideration of SOC. The AC-strain and
ZZ-strain apply a similar effect on the band gap of GaTe.
We observe Mexican-hat only in the case of tensile strain
and Mexican-hat increases with strain increasing. SOI
implies to smoother Mexican-hat dispersion. In biax-
ial strain, The spin-splitting declines with increment of
strain. GaTe indicates Rashba effect that Rashba param-
eters can be tuned a little by strain.
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